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Objective: Radiation fears following Japan’s 2011
Fukushima nuclear disaster affected levels of physical
activity in local children. We assessed the postdisaster
versus predisaster weight status in school children and
evaluated to what extent school restrictions on outdoor
activities that were intended to reduce radiation
exposure risk affected child weight.
Participants: We considered children aged
13–15 years from 4 of the 5 secondary schools in
Soma City (n=1030, 99.1% of all children in the city),
located in 35–50 km from the Fukushima nuclear plant,
postdisaster (2012 and 2015) and predisaster (2010).
Methods: Weight status, in terms of body mass index
(BMI), percentage of overweight (POW) and incidence
of obesity and underweight (defined as a POW ≥20%
and ≤−20%, respectively) were examined and
compared predisaster and postdisaster using
regression models. We also constructed models to
assess the impact of school restrictions on outdoor
activity on weight status.
Results: After adjustment for covariates, a slight
decrease in mean BMI and POW was detected in
females in 2012 (−0.37, 95% CI −0.68 to −0.06;
and −1.97, 95% CI −3.57 to −0.36, respectively).
For male children, obesity incidence increased in 2012
(OR for obesity: 1.45, 95% CI 1.02 to 2.08).
Compared with predisaster weight status, no
significant weight change was identified in 2015 in
either males or females. School restrictions on
outdoor activities were not significantly associated with
weight status.
Conclusions: 4 years following the disaster, weight
status has recovered to the predisaster levels for
males and females; however, a slight decrease in
weight in females and a slight increase in risk of
obesity were observed in males 1 year following the
disaster. Our findings could be used to guide actions
taken during the early phase of a radiological disaster
to manage the postdisaster health risks in adolescent
children.
INTRODUCTION
Following Japan’s Fukushima Daiichi Nuclear
Power Plant disaster, triggered by the Great
East Japan Earthquake and subsequent
tsunami on 11 March 2011, radiation-related
health threats have arisen in the radiation-
affected areas.1 2 Contrary to the signiﬁcant
concerns among the public, the likely low
risk of radiation-related health consequences
have been established by Hayano et al and
Tsubokura et al’s continuing series of assess-
ments of radiation exposure levels in the
local population3–7 as well as by two major
international reports from WHO and United
Nations Scientiﬁc Committee on the Effects
of Atomic Radiation.8 9 However, the poten-
tial health effects of the Fukushima disaster
are not limited to those due to radiation
exposure.
Strengths and limitations of this study
▪ This study sheds new light on risk factors for
weight status in children following a major
nuclear disaster.
▪ Data on nearly all Soma City school children
aged 13–15 years for 2010, 2012 and 2015,
living in the most affected areas following
Japan’s 2011 Fukushima nuclear disaster, were
evaluated.
▪ School restrictions on outdoor activities, an
important confounder for the effect of physical
inactivity on weight status, were taken into
account.
▪ Because physical inactivity is the only one pos-
sible explanation for the relationship between the
disaster and weight status, it is necessary to
consider other risk factors, such as generalised
stress from the disaster and postdisaster dietary
changes, in future studies.
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A major disaster often exerts a powerful inﬂuence on
individual vulnerability to psychological stress, and/or
changes in socioeconomic status, and thus affects
people’s health.10–12 The chronic health impacts of the
Fukushima disaster in adults have been well evaluated.
Several studies reported signiﬁcantly negative metabolic
correlations with the disaster in its early phase (ie,
within 12 months), such as body mass index (BMI),
blood pressure, HbA1c and high-density lipoprotein
cholesterol among the general population, including dis-
placed residents in Fukushima Prefecture.13 14 Longer
term chronic health risks were also demonstrated by
recent studies, which suggested increased prevalence of
chronic diseases (eg, diabetes and hyperlipidaemia) in
Fukushima in the 2–3 years following the disaster, which
might be a result of decreased access to medical care
due to the change in personal doctor or regular clinic/
hospital, dietary change at evacuation sites and/or
reduced physical activities.15 16
The assessment and monitoring of markers of physical
and mental health is of crucial importance in children
who are often deemed to be at highest risk of exposure
and vulnerability (including lack of coping capacity) to
such disasters.17 However, studies of child health follow-
ing the Fukushima disaster have been lacking with
respect to the early, mid-term and long-term perspec-
tives. Particularly, given that even small changes in phys-
ical activity and weight in adolescence can track into
adulthood,18 the current lack of studies evaluating the
mid-term to long-term perspective (ie, years) following
the disaster needs to be addressed.
According to a media report, the Fukushima nuclear
disaster led to lowered levels of physical activity and to a
consequent weight increase in children, attributed to
restrictions by parents and schools on the amount of
time children spent outdoors.19 It is known that the
time spent outdoors is positively associated with levels of
physical activity.20 Schools across the Fukushima
Prefecture imposed restrictions on school-based outdoor
activities after the disaster due to radiation concerns.
Following the disaster, 449 (89.1%) of the 504 primary
(ages 7–12 years) and secondary schools (13–15 years)
in Fukushima set limits on the time children were per-
mitted to spend outside; as of September 2012, restric-
tions were still in place at 71 schools (14.1%).19
Levels of physical activity have been closely linked to
cardiorespiratory and muscular ﬁtness, bone health and
cardiovascular and metabolic health biomarkers.21
There is evidence that childhood obesity is associated
with various metabolic and psychological comorbidi-
ties.22 23 In this context, lessons on how, when and to
what extent Japan’s Fukushima nuclear disaster has
affected children’s weight status will be leveraged for the
development and implementation of adequate prepared-
ness and effective response to future crises.
Since the Fukushima disaster, we have been support-
ing clinical care and research in Soma City, Fukushima
Prefecture, Japan, located in 35–50 km from the
Fukushima nuclear power plant, where some schools
imposed restrictions on outdoor activities postdisaster,
while others did not. The study objective, therefore, was
twofold: (1) to assess the postdisaster versus predisaster
weight status in school children in Soma City over a mul-
tiyear follow-up period and (2) to evaluate to what




We employed data from the School Health Examination
Survey, which is administrated by the Japanese Ministry
of Education, Culture, Sports, Science and Technology
(MEXT)24 and is performed annually from April to
June. This survey selects schools across the country to
perform the examination in a stratiﬁed random sample,
while some non-selected schools also voluntarily conduct
the examination. This means that not all the schools in
Japan participated, and not every year; in particular,
Soma City recently conducted the measurements for
some of the schools in its territory in 2010 (predisaster),
and in 2012 and 2015 (postdisaster). We collected the
data from surveys undertaken in these years.
The School Health Examination Survey is implemen-
ted at each sampled and voluntarily participating school.
All children in a participating school are included in the
survey. Children are instructed to wear light clothing
and remove their shoes and socks before their weight
and height are measured (in increments of 0.1 kg and
0.1 cm, respectively). Prefectural governments (the
highest level administrative division in Japan: n=47) then
collect the results of the survey from the schools in their
territory, and publish summary results on their websites.
With cooperation of the Soma City Ofﬁce and Soma
City Medical Association, we were able to obtain and
consider in this paper the full survey data collected from
four of the ﬁve secondary schools for 13–15-year-old chil-
dren (3 grades) in Soma City, where a total of 1030 chil-
dren were enrolled in 2015, representing 99.1% of all
the secondary school children in the city in that year.
We were not able to consider preschools (n=12: about
1200 children in 2015) or primary schools (n=10: about
1900 children in 2015) because very few preschools or
primary schools in Soma City performed the examin-
ation in recent years.
Because Soma City has been outside of any postdisa-
ster evacuation instructions issued by the central govern-
ment,25 the proportion of children moving to another
school outside of Soma City postdisaster (eg, due to
parents’ job transfer) was the same as that predisaster
(ie, about 1–2%). Note that if children lived inside the
evacuation zone, they were forced to evacuate and
moved to other schools outside of the evacuation zone.
For those evacuated outside the evacuation zone but
within their area of residence or neighbouring areas,
local authorities set-up temporary schools within their
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localities and evacuated-children attended there.
Therefore, the numbers of children who moved to
schools in Soma City from the neighbouring areas fol-
lowing the disaster were very small. The geographical
scope of the evacuation instructions and the location of
Soma City, relative to the nuclear power plant, are
shown in ﬁgure 1.
School restrictions on outdoor activities
After the disaster, there were no central government
guidelines regarding postdisaster school restrictions on
outdoor activities. In Soma City, the City Board of
Education put any decisions regarding such restrictions
into the hands of each school; the radiological contam-
ination varied from location to location, requiring a
school-speciﬁc response to the disaster. According to
our unstructured interviews with staff in the School
Education Division at the Soma City Ofﬁce, all the pre-
schools and primary schools held all physical education
classes indoors after the disaster and other class outdoor
activities were restricted to <3 hours/day. Regarding the
four secondary schools considered in this study, three
schools (School ID 2, 3 and 4 in table 1) did not impose
any restrictions, while one school (ID 1) put in place
similar restrictions to those of the preschools and
primary schools mentioned above. Within 1 year of the
disaster, all the preschools, primary and secondary
schools lifted the restrictions on the outdoor physical
education classes and other class activities.
Outcome measures
The following four outcomes were considered as indica-
tors of weight status: continuous measures of (a) BMI
and (b) percentage of overweight (POW); and binary
measures of (c) obesity and (d) underweight, deﬁned as
a POW of ≥20% and ≤−20%, respectively.26 POW (%) is
calculated using the following formula:
POW ¼ 100  ðmeasuredweight/standard weightÞ
 100:
Standard weight is the age-speciﬁc and gender-speciﬁc
weight for height on the basis of the data of the MEXT’s
Annual Report of School Health Statistics 2000.27 The
calculation formula is as follows:
Standardweight ðkg Þ ¼ A  height ðcmÞ  B;
where the coefﬁcients A and B can be found
elsewhere.28
It should be noted that a constant BMI value cannot
be used for the criteria of obesity/underweight in chil-
dren because the standard BMI (calculated using an
average height and weight for age) changes widely with
age during childhood.29 Instead, the BMI-for-age centile
(BMI%) method is used in many countries, including in
Europe and the USA, to deﬁne childhood obesity/
underweight, in which, for example, obesity is deﬁned
as a BMI at or above the 95th centile for children of the
same age and gender.
However, the use of BMI% also poses a challenge in
weight evaluation in children. According to Dobashi
et al,29 when applying the BMI% method, tall children
are more likely to be deﬁned as being obese, while short
children tend to be evaluated as being underweight. This
is because, as Sugiura et al30 acknowledged, taller indivi-
duals may have a high BMI even if their body proportions
are equivalent to those of shorter individuals.
Meanwhile, in Japan, the POW method is used
to deﬁne childhood obesity/underweight. Recently,
Dobashi et al29 demonstrated that the POW method is
more appropriate than BMI% for school-age children in
Japan.
Analysis
As previous studies reported a strong gender effect on
weight status in a postdisaster setting,31 32 analyses below
were conducted separately for male and female children.
First, to evaluate any difference in postdisaster versus
predisaster weight status, the mean (and SD) of BMI and
POW were calculated for each year, and postdisaster (2012
and 2015) compared to predisaster (2010) using univari-
ate analysis of variance (parametric) and Kruskal-Wallis
(non-parametric) tests, followed by Scheffé’s multiple
comparison test. Note that to assess whether our results
were robust to the analytic approach, we used parametric
and non-parametric tests. The rates of obesity and under-
weight were also calculated and compared by χ2 test and
Scheffe’s method of multiple comparison.
Second, we used a multivariate regression modelling
approach to detect any difference in postdisaster versus
predisaster weight status after adjustment for school
grade. To take into account the fact that we can have
multiple measurements for the participants and multiple
subjects within the same school, we speciﬁed a multilevel
(two-level) random-intercept linear regression model
considering two clusters—schools (second-level) and
individuals (ﬁrst-level).
For BMI and POW, the linear regression model that
we speciﬁed was the following (note that this equation
was simpliﬁed (excludes random effects for individual
and school) for the sake of clarity):
y ¼ a þ b1  D1 þ b2  D2 þ b3  D3 þ b4
 D4
where y represents dependent variable (ie, BMI/POW),
D is independent dummy variable, α denotes y-intercept,
and β refers to regression coefﬁcients (ie, effects of D
on y). For dummy variables, two categorical covariates
(year and grade) were considered: D1=1 if year is 2012,
0 otherwise; D2=1 if year is 2015, 0 otherwise; D3=1 if
grade is 2, 0 otherwise; and D4=1 if grade is 3, 0
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otherwise. Our major interest was in the comparisons
between 2012 vs 2010 and 2015 vs 2010 with respect to
the variable ‘year’, the effect of which was expressed as
β1 and β2, respectively.
For obesity and underweight, some modiﬁcations were
made to the linear model by inclusion of a multinomial
logistic function, which allowed for the use of a three-
category outcome variable (ie, normal, obese and under-
weight) as the dependent variable (y). By the properties
of the multinomial logistic model, the coefﬁcients were
separately computed for obesity and underweight. The
effect of ‘year’ was presented as a multiplicative change
(2012 and 2015 vs 2010) of odds of being obese/under-
weight relative to being normal weight, deﬁned as POW
between the cut-offs of −20 to 20%. Because of the
properties of the multinomial logistic regression model,
the odds were expressed as log β1 and log β2 in the
model for the comparisons between 2012 vs 2010 and
2015 vs 2010, respectively.
Third, using only the 2012 data, we constructed multi-
variate regression models to assess the effect of postdisa-
ster school restrictions on outdoor activities on weight
status. As described earlier, in our data, while one school
(ID 1) imposed restrictions, which lasted for 1 year
following the disaster, three other schools (ID 2, 3 and
4) did not impose restrictions. This means that the 2012
data include some children who were exposed and some
who were not exposed to the school restriction effects,
which enabled us to conduct this analysis. Models were
also adjusted for grade, but we could not include a
school effect (neither random nor ﬁxed) because the
outdoor restrictions were imposed at school level, so the
‘restriction’ and ‘school ID’ were perfectly correlated so
could not be included in the same model.
The regression model that we speciﬁed was as follows
(note that this equation is also simpliﬁed):
y ¼ a þ b1  D1 þ b2  D2 þ b3  D3
For dummy variables, one categorical covariate (grade)
was considered: D1=1 if grade is 2, 0 otherwise; and D2=1
if grade is 3, 0 otherwise. In addition, we also considered
one binary outcome ‘school restrictions’: D3=1 if the child
experienced the school restrictions on outdoor activities,
0=if he/she did not. In this linear model, the effect of
‘school restrictions’—of main interest in this analysis—was
expressed as β3 for BMI/POW; and log β3 for obesity/
underweight in the multinomial logistic model.
Figure 1 Geographical location of Soma City.
Table 1 Number of participants by year and school (number of females, %)
Year
School ID 2010 (pre) 2012 (post) 2015 (post) Total
1 371 (172, 46.4) 382 (194, 50.8) 418 (226, 54.1) 1171 (592, 50.6)
2 225 (120, 53.3) 229 (119, 52.0) 212 (93, 43.9) 666 (332, 49.8)
3 355 (158, 44.5) 375 (174, 46.4) 378 (195, 51.6) 1108 (527, 47.6)
4 68 (38, 55.9) 52 (31, 59.6) 22 (8, 36.4) 142 (77, 54.2)
Total 1019 (488, 47.9) 1038 (518, 49.9) 1030 (522, 50.7) 3087 (1528, 49.5)
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We used R (V.3.1.2) and STATA/MP (V.13.1) for ana-
lyses, and a p-value of <0.05 is considered statistically
signiﬁcant.
RESULTS
The study participant characteristics are shown in table 1.
Approximately 50% of the children were female in
each year. Summary statistics of BMI and POW are
shown in table 2. For males and females, no statistical
differences in mean and median BMI or POW were
observed in any year-by-year comparisons (ie, 2012 vs
2010, 2015 vs 2010, 2015 vs 2012). However, it should be
noted that the SD of BMI and POW in male children
statistically signiﬁcantly increased postdisaster: from 3.2
to 3.6 in 2012 (p<0.01: using the F test of variance com-
parison) and 3.6 in 2015 (p<0.01); and from 16.3% to
17.9% in 2012 (p<0.05) and 19.8% in 2015 (p<0.001),
respectively. On the other hand, female children showed
a decline in the SD of BMI and POW: from 3.3 to 3.0 in
2012 (p<0.05) and 3.1 in 2015 (p=0.08); and from 17.4
to 14.8 in 2012 (p<0.01) and 15.3 in 2015 (p<0.01),
respectively. The obesity rate (%), deﬁned as a POW of
≥20%, was, from 2010 to 2015, 11.6, 15.8 and 14.4 for
males and 12.7, 11.8 and 12.7 for females. The rate of
underweight (%), deﬁned as a POW of ≤−20%, was,
chronologically, 1.5, 2.3 and 2.6 for males and 2.0, 3.3
and 3.9 for females; these differences in obesity/
underweight rates were not statistically signiﬁcant in any
comparisons of years, in either males or females.
The results of the regression analyses evaluating the
adjusted differences in the four outcome measures post-
disaster versus predisaster are presented in table 3. After
adjustment for grade, for males, the mean difference in
BMI and POW did not statistically differ between postdi-
saster and predisaster; however, the odds for obesity sig-
niﬁcantly increased in 2012 vs 2010 (OR: 1.45, 95% CI
1.02 to 2.08, p<0.05); signiﬁcance disappeared in 2015.
For females, a slight decrease in the mean in BMI and
POW was detected in 2012 (−0.37, 95% CI −0.68 to
−0.06, p<0.05; and −1.97, 95% CI −3.57 to −0.36,
p<0.05, respectively); again the signiﬁcance disappeared
in 2015. In neither males nor females, no signiﬁcant
change in odds for underweight was detected following
the disaster. As sensitivity analyses, we re-ran the same
analyses excluding two individuals who had extremely
high POW values (more than 100%) and who were con-
sidered outliers (male child with POW of 178.5% in
2015 and female child with POW of 168.4% in 2012),
and similar results were obtained.
To clarify the results of the regression analyses above,
we created a histogram of POW by gender and year
(ﬁgure 2). When looking at the distributions of POW
values in male children, it is visually noticeable that the
weight distribution in 2012 was right skewed, while the
histogram peak(s) shift slightly to the left, with the
median value moving from −0.7% to −1.1%: table 2.
This may explain why the odds of obesity (POW of
≥20%) showed a statistically signiﬁcant increase in 2012
after adjustment for covariates, while the ‘mean’ differ-
ence was not statistically signiﬁcant in the regression ana-
lyses. On the other hand, for females, while there is
slight shift in the histogram peak(s) to the left in 2012,
the distribution is not skewed to the right, which
explains the statistically signiﬁcant decrease in the mean
POW in 2012 and an (insigniﬁcant) increase in odds of
obesity in females in the regression analysis.
Table 4 shows the results of regression analyses to
evaluate the effects of outdoor activity restrictions on
weight status in 2012. After adjusting for grade, school-
imposed restrictions on outdoor activities did not show
any signiﬁcant effect on weight status as assessed via any
of the outcome measures. Note that although we could
not adjust for the school effect in this model, there was
no signiﬁcant difference in the mean or median BMI
and POW, or the rate of obesity or underweight between
the schools predisaster (2010).
DISCUSSION
We assessed the weight status of school children follow-
ing the Fukushima disaster and evaluated to what extent
school restrictions on outdoor activities inﬂuenced child
weight. We observed a slight decrease in the mean BMI
and POW in female children and an increase in obesity
incidence in male children in 2012, after adjustment for
covariates. School restrictions on outdoor activities were
not associated with weight status.
Recently, two prefecture-wide studies evaluated postdi-
saster obesity levels in children in Fukushima Prefecture.
Yokomichi et al,32 as a part of their postdisaster nation-
wide school survey on child health,33 followed children
aged 3–4 years at the time of the disaster for 9 months
and reported that BMI in male and female infants in
Fukushima was greater than those in un-affected prefec-
tures in northeast Japan, after adjustment for baseline dif-
ferences.32 Similar results were reported by Yamamura,31
who evaluated children aged 5–17 years using the same
Table 2 Summary statistics of BMI and POW
Year Mean SD Median Min Max
Male
BMI 2010 19.7 3.2 19.1 11.8 33.2
2012 19.9 3.6 19.1 13.7 37.5
2015 19.8 3.6 19.0 13.6 38.5
POW 2010 2.9 16.3 −0.7 −39.2 73.9
2012 3.5 17.9 −1.1 −26.0 92.0
2015 3.7 19.8 −1.2 −26.4 178.5
Female
BMI 2010 20.5 3.3 20.0 13.8 43.3
2012 20.1 3.0 19.7 13.5 35.9
2015 20.2 3.1 19.8 13.7 32.7
POW 2010 4.2 17.4 1.8 −27.4 168.4
2012 2.2 14.8 0.2 −31.0 88.8
2015 2.9 15.3 0.7 −32.3 61.4
BMI, body mass index; POW, percentage of overweight.
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data of the School Health Examination Survey (see
‘Methods’ section for the detailed explanation of this
survey) from 2008 to 2014. The author showed that the
signiﬁcant increase in BMI z score—an age-adjusted and
gender-adjusted standardised score of BMI—was identi-
ﬁed only in cohorts aged 5–7 years, but this increase per-
sisted until 2014, 3 years following the disaster.
Meanwhile, the disaster appears to have statistically
Table 3 Regression models for the detection of difference in postdisaster versus predisaster weight status on BMI and POW
(expressed as coefficients), and obesity and underweight (expressed as ORs) with 95% CI
Male No. of observations BMI POW Obesity Underweight
Year
2010 531 Ref. Ref. Ref. Ref.
2012 520 0.05 (−0.28 to 0.37) 0.05 (−1.67 to 1.77) 1.45 (1.02 to 2.08)* 1.60 (0.65 to 3.96)
2015 508 0.04 (−0.36 to 0.45) 0.54 (−1.59 to 2.67) 1.30 (0.91 to 1.88) 1.76 (0.72 to 4.28)
Grade
1 528 Ref. Ref. Ref. Ref.
2 522 0.80 (0.40 to 1.21)*** 2.23 (0.11 to 4.35)* 1.20 (0.85 to 1.70) 0.74 (0.33 to 1.70)
3 509 1.05 (0.72 to 1.37)*** 0.95 (−0.78 to 2.67) 1.00 (0.70 to 1.45) 0.66 (0.28 to 1.55)
Female BMI POW Obesity Underweight
Year
2010 488 Ref. Ref. Ref. Ref.
2012 518 −0.37 (−0.68 to −0.06)* −1.97 (−3.57 to −0.36)* 0.93 (0.64 to 1.37) 1.59 (0.72 to 3.52)
2015 522 −0.16 (−0.53 to 0.21) −1.00 (−2.90 to 0.91) 1.03 (0.71 to 1.50) 1.90 (0.88 to 4.11)
Grade
1 496 Ref. Ref. Ref. Ref.
2 554 0.99 (0.62 to 1.35)*** 2.03 (0.14 to 3.92)* 1.39 (0.97 to 2.00) 0.94 (0.48 to 1.84)
3 478 1.45 (1.14 to 1.76)*** 1.14 (−0.48 to 2.76) 0.88 (0.59 to 1.32) 0.61 (0.29 to 1.32)
*p<0.05; **<0.01; ***<0.001.
BMI, body mass index; POW, percentage of overweight.
Figure 2 Histogram of percentage of overweight (POW) with Kernel density curves, by gender and year. The red and green line on
x-axis indicates the mean and median value in POW, respectively, and blue lines are the cut-offs of underweight and obesity (−20–
20%). Actual values for mean and median lines can be found in table 2. Note that for better visibility of the figure, two individuals with
high POW values were excluded in this figure: male child with POW of 178.5 in 2015, and female child with POW of 168.4 in 2012.
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signiﬁcantly decreased (but not by much) the BMI
z-scores for adolescent children aged 11–17 years.
The ﬁndings of this study in secondary school chil-
dren supports the results of the prefecture-wide study of
adolescent children by Yamamura31; although the odds
of obesity and underweight did not change postdisaster,
a small but statistically signiﬁcant decrease in mean BMI
and POW was detected in secondary school female chil-
dren in the year after the disaster (2012). However, this
ﬁnding did not persist and had disappeared by 2015,
indicating that the overall weight status in female chil-
dren in Soma City had recovered to the predisaster level
4 years following the disaster.
For male children, while the POW histogram peak(s)
suggested a slight shift towards lower weight status
(ﬁgure 2), some children increased their POW values,
resulting in a statistically signiﬁcantly increase in obese
children in 2012, although again this observation did
not last and had disappeared by 2015, implying that
male children also recovered their weight status to the
predisaster level, 4 years after the disaster. However, even
in 2015, the SD of BMI/POW in males was statistically
signiﬁcantly larger than that of predisaster (table 2), sug-
gesting an increased risk in some children of straddling
either cut-off values for obesity or underweight.
We undertook a systematic search for past studies evalu-
ating child weight status following the 1986 disaster at the
Chernobyl nuclear power plant in Ukraine, to permit
comparison with ﬁndings from this earlier nuclear disas-
ter. No relevant literature were identiﬁed, which high-
lights the novelty of these Fukushima studies evaluating
postradiological disaster weight status in children.
Potential explanations for the postdisaster weight
decrease in female children
Effects of reduced physical activity on body weight can
work in either direction: leading to decreased muscle
bulk, and thus to decreased weight; or to reduced fat-
burning, resulting in increased weight. A change in
weight status at the population level could be deter-
mined by the balance of these opposing effects. Our
results, and those of Yamamura,31 showed that the
former effect was probably larger than the latter in
female children soon after the disaster (ie, when
assessed in 2012).
Another possible explanation for the observed
decrease in weight in female secondary school children
is their concern about body weight, resulting in an
attempt to maintain weight status even after the disaster.
A previous study in Japan reported that the desire for
thinness has become more common in adolescent
female children,34 35 and public concerns about the
development of eating disorders, such as anorexia or
bulimia nervosa, is growing.34 For this reason, in female
children, after the Fukushima disaster, less time spent in
outdoor activities may have been fully or excessively com-
pensated by indoor physical activity and/or changes in
nutrition behaviours (including parental support for
healthy eating, such as increased intake of fruit, vegeta-
bles, ﬁbre or decreased intake of energy dense foods)
motivated by a desire to maintain body shape. Similar
discussion can be found elsewhere.26 31
Potential explanations of weight status recovery 4 years
following the disaster
Our ﬁndings demonstrated no signiﬁcant difference in
the mean BMI/POW or in the odds of obesity/under-
weight between 2015 vs 2010, which primarily suggests
that children restored their physical activity levels to the
predisaster level 4 years after the disaster. From within a
couple of months of the disaster, the Fukushima
Prefecture government and many local authorities in
the prefecture implemented screening programmes for
Table 4 Regression models for the effects of restrictions on BMI and POW in 2012 (expressed as coefficients), and obesity
and underweight (expressed as ORs) with 95% CI
Male No. of observations BMI POW Obesity Underweight
Grade
1 182 Ref. Ref. Ref. Ref.
2 172 0.84 (−0.07 to 1.76) 2.75 (−1.82 to 7.31) 1.26 (0.62 to 2.57) 0.88 (0.20 to 3.88)
3 166 1.05 (0.14 to 1.95)* 1.25 (−3.27 to 5.78) 0.89 (0.43 to 1.85) 0.27 (0.03 to 2.32)
Restrictions
No 217 Ref. Ref. Ref. Ref.
Yes 303 −0.60 (−1.40 to 0.20) −2.57 (−6.55 to 1.42) 0.83 (0.45 to 1.52) 5.52 (0.56 to 54.03)
Female BMI POW Obesity Underweight
Grade
1 163 Ref. Ref. Ref. Ref.
2 194 1.06 (0.34 to 1.78)** 2.25 (−1.41 to 5.91) 1.39 (0.66 to 2.91) 0.71 (0.17 to 2.96)
3 161 1.55 (0.79 to 2.31)*** 1.55 (−2.30 to 5.39) 1.08 (0.48 to 2.42) 1.00 (0.24 to 4.13)
Restrictions
No 221 Ref. Ref. Ref. Ref.
Yes 297 0.22 (−0.41 to 0.86) 1.10 (−2.11 to 4.30) 1.21 (0.63 to 2.32) 0.98 (0.28 to 3.43)
*p<0.05; **<0.01; ***<0.001.
BMI, body mass index; POW, percentage of overweight.
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internal and external radiation exposure,36 and offered
residents counselling for radiation risks within these pro-
grammes.37 Particularly, since 2013, all the schools in
Soma City integrated the internal contamination screen-
ing into their annual school health check-up, which
means that Soma City has almost 100% screening cover-
age for school children every year. Thanks to these local
efforts following the disaster, public understanding of
radiation exposure risk and consequent potential health
effects has increased in the affected areas.37 This under-
standing might help to ease anxiety related to radiation
in children, and their parents and school teachers; and
thus, the activity level in children, including physical
aspects of their daily life, has probably been recovering
to the predisaster level.
Implications for future crisis
Our ﬁndings imply that as an early phase response to a
major nuclear disaster, the careful monitoring of weight
status in children should be promoted, with the possibil-
ity of weight loss or weight gain considered as a potential
consequence. With respect to the mid-term to long-term
perspective, when health practitioners, local leaders
and/or civil societies evaluate the weight status of chil-
dren at the area-level or population-level, they should
consider not only the mean or median value of weight,
but also the variance in weight, which might be a more
important indicator for understanding those at pro-
longed risk of obese or underweight. In addition, it is
also desirable that in postdisaster situations, factors
potentially affecting weight status and health (including
nutrition behaviour and/or factors, including self-
esteem, stress, activity behaviours etc) should be rou-
tinely measured and collected at the individual level to
enable more practical discussions on how to manage
long-term risks.
Importantly, our study conﬁrmed that in Soma City,
postdisaster school restrictions on outdoor activities did
not much affect the weight status in secondary school
children, after adjustment for covariates (table 4).
This may mean that rather than school restrictions on
outdoor activities, personal characteristics, extra-
curricular activities, the home environment and/or com-
munity setting might hold a greater inﬂuence on levels
of physical activity among children. For example, as a
part of their evaluation of radiation dose in June 2012 in
school children in Minamisoma City, located to the
south of Soma City, Nomura et al38 reported that 40% of
parents in the city believed that their children were most
exposed to radiation during the commuting hours; and
80% and 47% of parents who had primary and second-
ary school children, respectively, took their children to
school by car for protection against the radiation, while
other children went to school by bicycle or walked,
which constitutes important daily physical activity.
Therefore, to off-set any postdisaster weight loss/gain,
after-school activities or activities on weekends, including
indoor exercise, should be encouraged after a radio-
logical disaster.
Limitations
We identiﬁed several limitations in this study. The primary
limitation is the difﬁculty in trying to generalise our ﬁnd-
ings to other ages and areas because our study participants
were restricted to secondary age children in Soma City. For
example, according to Yamamura,31 the Fukushima disas-
ter might have more affected weight status of children
under 10 years old than those over 11 years old. One of the
possible explanations of this age cohort difference is that
primary school children are more likely to be advised/con-
trolled by parents and teachers than secondary/high
school children. Therefore, we should stress that a more
pronounced effect might have been observed in younger
children, had we been able to study a younger cohort.
Using data from disaster-affected areas and non-affected
areas and/or areas with and without school activity
restrictions—namely difference-in-difference (DID)
design, as used in Yamamura31—can more accurately esti-
mate unbiased effects of the Fukushima disaster and the
impact of school restrictions on child weight status, so will
help our understanding of the impact of the disaster.
However, note that Soma City, our study site, is the local
authority where we have been supporting clinical care and
research since the disaster, and so we were able to collect
these valuable data with cooperation of the Soma City
Ofﬁce and Soma City Medical Association. Unfortunately,
similar data of children from areas beyond Soma City, not
affected by the Fukushima disaster, were not available, so
we were not able to apply the DID method. However, it
should be noted that because disaster impacts may vary
from location to location depending on local conditions
and context,10 for example, physical inactivity due to radi-
ation fears in the Fukushima case, locally speciﬁc analyses
of the Fukushima disaster are invaluable to inform not only
the speciﬁc health risk reduction planning and pro-
grammes for children for such crisis in the future, but also
the health measurements for local children at the present
time. Second, we were not able to examine the degree of
physical activity in children; therefore, to address more
practical implications for postdisaster response, a future
study should consider levels of physical activity and/or
physical ﬁtness levels. Third, as mentioned earlier,
although we argued that the decrease in weight was prob-
ably primarily due to reduced physical activity, we were not
able to consider other potential pathways that may inﬂu-
ence weight status in these children. Other pathways
include generalised stress from the disaster39–41 and postdi-
saster changes in nutrition behaviours that may have been
adopted to compensate for less time spent in outdoor activ-
ities and/or to avoid internal contamination37 etc.
Therefore, to more adequately evaluate the effects of
reduced physical activity on the weight status of children, a
future study that quantiﬁes these other inﬂuences is
needed.
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CONCLUSIONS
This present study sheds new light on weight control in
children following a nuclear disaster. Our ﬁndings
suggest that 4 years following the Fukushima disaster, for
males and females, the weight status had recovered to
the predisaster level in secondary school children (aged
13–15 years), although some attention should be paid to
the possibility that some male children continue to be at
risk of obese/underweight as a consequence of an
increase in the SD of BMI/POW.
We found no signiﬁcant relationship between school
restrictions on outdoor activities and weight status, indi-
cating that school activities are probably not an import-
ant part of a child’s physical activity level and other
activities (eg, activities in evening and on weekends,
including indoor exercise) should be encouraged to
off-set any weight loss/gain. Our ﬁndings could be used
to guide actions taken during the early phase of a radio-
logical disaster to manage the postdisaster chronic
health risks in adolescent children.
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